Results: Rates of oxacillin resistance for Staphylococcus aureus were 21%. Streptococci were generally susceptible to beta-lactams. High-level gentamicin resistance was seen in 12% of Enterococci. Vancomycin resistance was conspicuously absent. Resistance rates of Pseudomonas aeruginosa to ciprofloxacin, gentamicin, amikacin, imipenem were between 11% and 23%. Salmonella spp. showed multiple resistant patterns to co-trimoxazole, chloramphenicol and ampicillin with resistance rates of greater than 35%. One hundred and twenty three patients (11%) tested positive for HlV. Unlike in HlV negative individuals, Cryptococcus neoformans was an important isolate, positive in 5%. A number of HlV positive patients had Staphylococcus aureus and coagulase negative staphylococcus isolates in their blood cultures. In such clinical circumstances it is difficult to determine the clinical significance of these isolates. Conclusion: Antimicrobial susceptibility patterns revealed high level resistance among the gram positive organisms and also amongst extended spectrum beta lactamase (ESBL) producing E.coli and Klebsiella spp. This study highlights the challenges of deriving empiric drug regimens in the current clinical scenario. However, we do know it is important to cover adequately for gram positive organisms.
INTRODUCTION
Bloodstream infections are an important cause of morbidity and mortality among hospitalised patients and the surveillance of aetiological agents in these infections is essential for their prevention and treatment. Microbial invasion of the blood stream can have serious immediate consequences that is shock, multiple organ failure, disseminated intravascular coagulation (DIC) and death. Therefore timely detection and identification of blood borne pathogens is important (1).
Data on common organisms isolated from blood cultures from Kenya are limited. To our knowledge no similar studies looking at blood culture isolates have been done recently in Kenya. As there are no formal mechanisms of data collection at a national level. Our aim was to identify the common blood stream isolates at the Aga Khan University Hospital, Nairobi, Kenya. This type of study might contribute to formulation of empirical regimens to treat suspected blood stream infections in emergency situations.
Study setting:
The study was undertaken at the Aga Khan University Hospital, Nairobi, Kenya, a 250 bed postgraduate teaching hospital. In addition to high technology diagnostic facilities, the hospital offers general medical services as well as all specialist clinics.
Study design:
This was a retrospective clinicallaboratory study carried out over five years between January 2003 and April 2008. One thousand and ninety two patient isolates were analysed during the study duration.
MATERIALS AND METHODS
Laboratory methods: Laboratory registers were reviewed to identify all positive blood culture isolates over the study period. Subsequently, patient files were reviewed in the medical records department. A data collection tool was designed to extract the patient information systematically and recorded onto Excel sheets to be analysed.
Blood culture techniques / Antibiotic susceptibility testing:
Blood specimens were cultured in BACTEC 9120 and BACTEC 9050 (Becton-Dickinson, USA) automated systems and bacterial identification was done with standard bacteriological techniques, like colony morphology, gram smear techniques and rapid bench tests e.g. catalase test, oxidase tests etc. Biochemical tests were done using bioMerieux products (API 20E, API 20NE, API Coryne, API Candida etc) (2). Serological testing was done using Remel diagnostic products. Antimicrobial susceptibility testing was done by disc diffusion method using the modified Kirby-Bauer technique and performed according to Clinical and Laboratory Standards Institute (CLSI), January, 2008. Strict internal quality and external quality controls are in place in the microbiology laboratory. External quality control is done through the UK NEQAS programme.
It is customary practice in the microbiology department to call the clinician requesting the blood culture as soon as the blood culture flags positive. A gram stain is performed and a preliminary report submitted. If pneumococcus is suspected then a direct sensitivity test is set up. This is important because the clinician can then decide on which antibiotic to use in the interim before final culture results are released. 143, 54% Figure 2 shows most commonly isolated gram negative organisms with the most common isolate being Salmonella spp with 143 isolates (54%). Escherichia coli was also a common isolate with 69 (26%) isolates. Table 1 shows clinical correlation with organism type. In 434 patients with a gram positive isolate there was no clinical information provided. This was similar to gram negative isolates in which 249 had no clinical information. In patients in whom there was clinical information, pyrexia of unknown origin was an indication for 63 patients with gram positive isolates and 58 with gram negative isolates. Table 1 shows other clinical correlates and the organism type.
One hundred and twenty three patients tested positive for HIV, 421 were negative, 548 patients were not screened. The most common blood culture isolate in HIV positive patients was Staphylococcus spp with (42%) 52 isolates. This was similar in HIV negative patients with 195 (46%) Staphylococcus spp isolates. Cryptococcus neoformans was also a common isolate in HIV positive patients with six isolates (5%), other common blood culture isolates have been shown in Table 2 .
Figure 2 Commonly isolated gram negative bacteria
Commonly isolated yeasts included the following: Candida spp -20 (53%); Cryptococcus neoformans -18 (47%). Salmonella spp showed increased resistance to ampicillin (31%) and co-trimoxazole (44%). E. coli also showed increased resistance to co-trimoxazole (71%) and amoxicillin-clavulanic acid (38%). Pseudomonas generally showed low level resistance to various antibiotics tested and the highest resistance was shown with gentamicin. 31% resistance. Table 4 shows antibiotic resistance profiles to gram negative organisms.
DISCUSSION
In this study, the large number of blood cultures done ensured a large sample to analyse. This is in sharp contrast to public hospitals within the country, where very small number of blood cultures are performed due to scarcity of resources although they manage a much larger number of patients, for example, one of the National Referral Hospitals in Kenya has a bed capacity of more than 2000.
Out of a total of 18,750 blood cultures done, only 1,092 (5.8%) were positive. This suggests that either patients had already received antibiotics prior to sampling, meaning fewer positive isolates, or that clinicians were investigating with minimal clinical evaluation. This is highlighted by our study which shows that in 683 (63%) of the patients in whom a blood culture was done, no clinical information was provided.
Out of the positive cultures only 77 (7%) were done on an outpatient basis. This may insinuate that clinicians readily admit patients when there is an indication for blood culture.
Of the gram positive organisms the two important pathogens were Staphylococcus spp (S. aureus. 54%; Coagulase Negative Staphylococcus [CoNS] 20%) and Streptococcus pneumoniae (13%). This finding was similar to other studies which also looked at blood culture isolates (3, 4) . Staphylococcus spp. especially CoNS are the most common isolates as they are commonly found on the skin surface. Since most patients had only one out of three cultures taken a positive finding of CoNS as an isolated finding may cast doubt on the significance of this isolate.
The predominant gram negative organisms were Salmonella (54%) and Escherichia coli (26%). Of the Salmonella spp, 85 (59%) were Salmonella typhi. The high prevalence of Salmonella isolated may be attributed to the endemicity of this organism in this region. Fewer Salmonella typhi cases are reported in developed countries. A study done in Iran also showed high rates of Salmonella in their blood culture isolates (5) .
Enterobacter spp. was isolated in only a minority of blood culture specimens (4%); this differs from the West where Enterobacter spp. is an important pathogen. This finding highlights the disparity between the two populations and emphasizes the danger of adopting Western data sets. Eleven (1%) patients had polymicrobial isolates. Most of these isolates were from in-patients. A similar study conducted in India also showed that 4.5% of isolates were polymicrobial and these were also from in-patients (3).
The primary indication for a blood culture was pyrexia of unknown origin followed by infection secondary to polytrauma. In patients with polytrauma, the predominant isolate was gram positive cocci (57%) followed by gram negative bacilli (38%). This finding may aid in formulating empiric antibiotic treatment in emergency situations in preventing infection in polytrauma patients.
A total of 123 (11%) patients tested positive for HIV. The common isolates in these patients were Staphylococcus aureus (42%), Streptococcus spp including pneumococcus (16%) and Salmonella spp (15%). A prospective study done in Kenya showed that common bloodstream isolates in patients with HIV were predominantly Salmonella spp. and Streptococcus pneumoniae (6) . In this study, most of the patients were from a resource poor setting unlike in our study setting, which may account for the higher number of Salmonella cases seen. The high isolation of Streptococcus spp in HIV positive patients is because HIV related immuno-suppression increases the risk of invasive pneumococcal disease (7) .
Rates of oxacillin resistance of Staphylococcus aureus in our study were 21%, and for CoNS, 20%. This was higher in comparison to a study done in Abidjan, which showed an MRSA rate of 14.2%(18). This was significantly lower compared to studies done in Taiwan (9) , where it was 75%. Surveillance studies done in Europe showed variation in MRSA rates from country to country, 0.7% in Sweden and up to 47.5% in UK (10) .
Streptococci were generally susceptible to all beta-lactams. Surveillance done in UK and Ireland showed similar findings (11) . High-level gentamicin resistance was seen in 12% of Enterococci. This differed from the UK/Ireland where resistance was as high as 43% (11) .
Vancomycin resistance to Enterococci was rare. This varies from the West where resistance to vancomycin is significant. In the USA colonisation with vancomycin resistant Enterococci (VRE) is endemic in many hospitals and increasingly causes infections (12) . In France and Spain, vancomycin resistant Enterococci prevalence was <1% and in UK and Ireland it is >14% (10) . Vancomycin use has been much higher in the USA compared to that in Kenya probably explaining this difference in resistance patterns.
Escherichia coli isolates were commonly resistant to co-trimoxazole (71%) and doxycycline (59%). A number of E.coli and Klebsiella spp. were extended spectrum beta-lactamase (ESBL) producers, 14% and 13% respectively. A study done in Finland on nosocomial infections showed ESBL-producing E. coli and Klebsiella spp. bacteremia to be low (5% and 0% of isolates respectively) (13) . Resistance rates of Pseudomonas aeruginosa to imipenem were 6%. In Europe, resistance to imipenem for Pseudomonas aeruginosa was <3% in Sweden/UK and 32.2% in Turkey (10).
In conclusion, this study shows that it is difficult for us to come up with an empiric regimen for blood stream infections due to the presence of emerging resistance to commonly used drugs among different organisms. Also, with the impact of HIV, the aetiology of blood stream isolates differs from the general population. However, the study has shown that specific empiric regimens in certain clinical situations e.g. polytrauma can be formulated. Most of the patients were successfully treated with broad spectrum antibiotics. Mortality rate was low at 0.6%.
The limitations of the study were that since this was not a designed prospective study, there was no control on the sampling of subjects as the requests are raised at the clinicians' discretion and may result in either over investigation or under-investigation of the patient. Most of the requests had no accompanying clinical information so the indication of blood culture was unknown. The patient files also did not capture all the clinical information.
However, in the absence of large prospective studies, review of clinical laboratory data gives us insights into trends of the bacterial isolates and antibiotic susceptibility patterns by providing a random epidemiologically acceptable sample. The study required no additional resources which was an advantage.
We recommend that a well designed prospective multi-centre study needs to be conducted to achieve reliable and clinically dependable results. In addition to institution-based studies, large community studies are also essential to give a realistic picture. Prospective studies will positively overcome the lack of comprehensive clinical data that we encountered during this study.
